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USSR/Sol La State Physics - Diffusion. Sintering E-6 
Ref Zhur - Fizika, No 3, 1957, No 6689 


Mirskiy, L.M., Rakovskiy, V.S., Bokshteyn, S.Z. 
Investigation of Diffusion Processes in Sintering, Using 
Radioactive Isotopes. 


Poroshkovaya metallurgiya, Yaroslavl', 1956, 52-60 


Preliminary experiments were carried out on producing a pro- 
cedure for investigating the diffusion during sintering, 
using radioactive isotopes. The use of the procedure devel - 
oped made it possible to conclude that the ideas proposed 


by Ya, I. Frenkel’ concerning the “hole” mechanism of dif- 
fusion are correct. The coefficients of diffusions have 
been determined for the alloys W-Ni, TiC-Mo, TiC-W and Tic- 
Nb. These coefficients make it possible to calculate the 
activation energy of W, Mo, and No and consequently, in 
final analysis, to detemnine the atrength of the bond in 
the lattice. 
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"Effect of Metal Composition and Structure on Grain Boundary Diffusion," 
S. Z. Bokshteyn, S. T. Kishkin, and L. M. Moroz, Moscow Aviation Inst, USSR. 


Peper submitted for presentation at the International Conference on 
Radioisotopes in Scientific Research, Paris, 9-20 Sep 1957. 
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AUTHOR: Bokshteyn, S.Z., Dr. of Technical Sciences Prof., Kishkin, S,T., 

Dr. of Technical Sciences Prof. and Moroz, L.M., Eng, 


TITLE: Self-Diffusion of Iron in the Volume of the Grain and Along its 
Boundaries. (Samodiffuziya zheleza v oblyeme i po granitsam 
zerna). 


PERIODICAL: Metallovedeniye i obrabotka metallov, 1957, No. 2, pp 2-10 (U.S.S.R.) 


ABSTRACT: In a series of papers V.I. Arkharov et alii (14, 15) show, on the 
basis of metallographic analysis, that there is preferential diffusion 
of a number of elements along the grain boundaries of iron, nickel 
and copper. Gruzin, P.L., Kuznetsov, E.V. and Kurdyumov, G.V. 
(22) studied the diffusion of iron in the alloys iron-nickel and 
dron-nickel-carbon (25% Ni, 6.69% C) and found that the straight 
lines expressing the dependence lg D on 1/T show a break at 1000 
to 1100°C. The inclination angle at lower temperatures indicates 
lower values of the activation energy compared with respective high 
temperature values; this dependence was observed only if the 
alloy was subjected to martensite transformation prior to diffusion 
annealing. In fact, the diffusion coefficient at 900°C in this 
case is three times as large as for specimens which have,not been 
subjected to martensite transformation, i.e. 7.65 x 107°“ and 2.35 x 10712 
Card 1/5 em“/sec respectively. Apparently, the influence of earlier transformations 
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Self-Diffusion of Iron in the Volume of the Grain and Along its 
Boundaries. (Samodiffuziya zheleza v obVyeme 4 po granitsam 
zerna). 


is nullified only after heating the specimens to 1000 to 1100 ¢. 
Earlier investigations by the authors of this paper (21, 23) by 

means of auto-radiography methods indicates thatthis process is 
nonuniform in a polycrystalline body and has a pronounced local 
character. The process of self-diffusion of iron was investigated 

by means of an auto-radiography method described earlier by the authors 
of this paper (21,23). 20x 10x10 m specimens of Armco iron 

(0.028% C, 0.030% S, 0.017% P, 0.12% Si, 0.22% Mn) were coated 

with radio-active Fe29 in an electrolytic bath of such a composition 
that the coating can be effected at room temperature, is not liable 

to oxidation, is stable in operation and does not have to be frequently 
corrected. During 10 to 15 minutes an 0.2 to 0.5m thick radio- 
active iron layer was deposited with an activity of 4000 to 7000 
imp/em min, For self-diffusion of the iron in the x and the y 

states annealing was effected in the temperature range 800 to 

1200°6, maintaining the temperature constant within 2%, At 
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first the qualitative self-diffusion of iron was studied at 800, 
1000, 1100 and 1200°CG. Fig. 1 shows auto-radiograms of specimens 
after diffusion annealing at 800,1000 and 1200°C. Fig. 2 shows 

the measured values of the depth of self-diffusion of iron in the 
grain for 1000°C. Fib. 3 shows the dependence of the dansity of 
blackening on the depth of self-diffusion of iron along the grain 
boundaries. Fig. 4 shows the temperature dependence of the self- 
diffusion coefficient of iron inside the grain and along the grain 
boundaries. Measured values of the influence of the temperature 
on the coefficient of self-diffusion inside the grain and along 
the grain boundaries are given in a table on p. 8, Asa result 

of the tests, the character of the process of self-diffusion of 
iron in the & and the ¥ states was determined. It is shown 
that displacement of atoms during self~diffusion of the iron takes 
place predominantly along the grain boundaries within a wide range 
of temperatures (800 to 1200°C) and is independent on the type of 
crystal lattice. For the temperature dependence of the coefficient 
of self-diffusion of y iron the relations were determined separately 
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for the grain boundary and for the grain volume, namely: 
Dpoundary= 2.30720 600/RT 


Dgrain # 0.16 x 10~6—~64 000/RT 


Although conserving a high mobility along the crystal boundaries ° 


in the case of self-diffusion right up to 1200°C, a decredse is 
dbserved in the speed of diffusion with increasing temperatures, 
namely: 


Dpoundary/Dgrain (at 1000°C) 12 000 
Ppoun'ary/Pgrain (at 1200°C) 2 500. 
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129-2-1/10 
Self-Diffusion of Iron in the Volume of the Grain and Along its 
Boundaries. (Samodiffuziya zheleza v ob"yeme 1 po granitsam 
zerna) « 
The observed differences in the parameters of the self-diffusion 
of iron inside grains and along the grain boundaries are attributed 
fundamentally to the features of the structure of the crystal lattice 
in the boundary zonee 


One photo, three graphs, and one table are shown. There are 26 
references, of which 12 are Slavic. 


ASSOCIATION: 
PRESENTED BY: 
SUBMITTED : 


AVAILABLE: Library of Congress 
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TITLE: A Method of Investigating the Influence Exercised vy Tensicn ara De- 
ixa issledovaniys 


formation Upon the Self-Diffusion of Iron (lueted 
vliyaniye neoryasheniya 4 deformatsii na gamodiffuziyu aheleza). 


PERICDICAL:  Zavodsiaya Laboratoriya, 1957) Vel. 23, Ur 42, pee 1436-14359 ( USSR) 


ABSTRACT: In an Institute of the AN USSR, «hich $s not mentioned here, a spec- 
jal device was constructed which makes it possible to carry out dif- 
fugion red hot heating in the vacuul, in which the giffusion proper- 

ties of the samples can be investigated by making use of traction at 

the conditions of elastic and piastic deformation. The apparatus con~ 
sists of a combination of the tes t-machine UB-§", a steel vacuum 
camera having @ diameter of 200 m, and containing en electric fur- 
nace of 110 mm length and the necess&ry measuring devices. The flat 
samples of slightly carboniferous steel (0,190; 0 ,35/hin;, 0 ,O2K34P; 

0,01578) were suojected to trection in the machine up to the degree 

of extension and destruction. Because of the decrease of structural 

tensions the samples were previously softened in the vacuuly at 1000°, 
after which they were on one side and on a surface of 1 ca” pro- 


Cara 1/2 vided with a coating of electrolytic iron which served as diffusion 
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AVATLABLE: 


Card 2/2 


object. The results obtained are shown together in « table. It was 
found that the self-diffusion of 4rou under cartain conditions de- 
velops mainly according to the structural grain boundaries, and 

that the circumstances of the application of fraction as well as of 
the high temperature accelerate the diffusion of iron. The plastic 
deformation of the sample increases the self-diffusion of iron by 
uearly the three-fold, which is explained by the atomic motion 
which sets in, At the same time, however, the activation energy in 
the corresponding domain of the sanwle is diminished. Iron with a 
0,1%C-content enters into the two-phase state (x -4 ) at 750-800°, 
but because the “% -phase remains predominant, it alsc determines the 
velocity of the diffusion current, There are 1 table and 9 Slavic 
xeferences. 


Library of Congress 


° 


1. Iron-Self diffusion-Determination 72, Instrumentation 
3. Iron-Tension 4. Iron—Deformation 
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‘ AUTHORS: | Bokshteyn,S.-%, Zhukhovitskiy, A. A., SOV/163-58-4-26/47 
Kishkin, S. 1., Mal'tsev, E. R. 


TITLE: 


Influence of the Phase Conversion on the Speed of 


Autodiffusion (Vliyaniye fazovykh prevrashcheniy na 
skorost' samodiffuzii) 


PERIODICAL: 


Nauchnyye doklad 


vysshey shkoly. Metallurgiya, 1958, Nr 4, 
pp 158-161 (USSR 


ABSTRACT: The influence of eutectoid conversion in steel on the speed 
of autodiffusion in iron is explained. Besides, some 
experiments were made to measure the effect of polymorphic 
conversion a @y on the speed of autodiffusion. The influence 
of eutectoid conversion (austenite-perlite) in steel U8 
(0.78 % C) on the speed of autodiffusion in iron was 
investigated. For determining the diffusion parameters, the 
usual variant of the absorption method (Ref 2) was used. 

The diffusion factor was calculated according to the theory 
(Ref 3). It is shown that the eutectoid conversion increases 
considerably the average mobility of the atoms in the lattice. 
In examining the influence of the polymorphic a=>y-conversion 
Card 1/3 on the autodiffusion of iron (0.059 %C), one of the variants 
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of the absorption method, the so-called "method of the 

thin layer" (quotation marks in the Russian original) 

Ref 2) was used for determining the factors of autodiffusion 
in iron. The data obtained show that the autodiffusion of 

iron in cyclic annealing, when the a @ y-oonversion is 

imposed on the diffusion process, proceeds at about the same 
speed as the autodiffusion of a-iron in isothermic annealing 
at 680°. Thus, the polymorphic conversion does not change the 
speed of autodiffusion, in contrast to the eutectoid conversion. 
The formation of the new phase and the corresponding lattice 
reconstruction may lead tc an increase of mobility of the 
iron atoms on account of a number of causes mentioned here. 
The polymorphic a @ y-conversion has apparently no noticeable 
influence on the elementary act of autodiffusion of iron. Thus, 
the two processes may be regarded independent of each other. 
This result can be explained by supposing that - in the case 
of substituting a crystalline iron atom packing by another - 
the atoms do not shift by great distances but only by 
distances smaller than the interatomic distance. In contrast 
with the polymorphic conversion, the eutectoid conversion in 
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steel increases the speed of autodiffusion of the iron 
considerably (by one order of magnitude). There are 
1 figure, 2 tables, and 5 references, 4 of which are Soviet. 


ASSOCIATION: Moskovskiy institut stali i VIAM (Moscow Steel Institute 
and VIAM) 


SUBMIT? ED: May 22, 1958 
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GRUZIN, P. L., FRANTSEVICH, I. N., ZHUKHOVITSKIY, A. A., BORISOV, V. T., 
and BOKSHIEYN, 8 


"Concerning the Diffusion and Electric Transmission of Carbon in Iron and its 
Alloys" 


report presented at the UNESCO Conference on the Utilization of Radioactive Isotopes 
in Scientific Research, Paris, 9-20 Sept 1957. 
Vestnik AN SSSR, 1958, v. 28, No. 1, pp. 71-78. (author Vinogradov, A. P.) 
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BOKSHTEYN, S.Z2.; GUDKOVA, T.1.; ZHUKHOVITSKIY, A.A.; KISHKIN, 5.7. 
Minidaetiareseeel Tek 


Effect of irreversible structural changes due to plastic deformation 
on diffusion mobility. Dokl. AN SSSR 121 no.6:1015-1018 A "58. 


1. Veesoyusnyy nauchno-issledovatel'skiy institut aviatsionnykh 
materialov. Predstavleno akademikom G.V. Kurdyumovym. 
(Diffusion) (Deformations (Mechanics) ) 


APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5" 


CIA-RDP86-00513R000206110006-5 


"APPROVED FOR RELEASE: 06/09/2000 


ocy TOME 20 VAOd PTSTA Twoyeheg On 30 amu *( perduyuey 

‘eTOnd PINETT OF RBAlD Jo GOTsoNperg pow FuyE sey BNeTAIZay TOs e4n3 
oTi9g] Yoreneas STLTMeTOE- Peo ESy  feAyTéoy OfoxpTys oPoTUMLy ENE, 
Meyumqontod 5 s33eU wyjoquiared od Lyy) oTTEITOS De poe ‘yr weitiD 


ott lwq etzozg mupenty 
F0y1ép Jo Suytedea, pew Suysepiey Plog Buping yassarewsy OTBeTTE 

03 Sopwwarsed pow yreTl StaevTE ogy Bozeeetocy *(vexPayoey (oporr ey 

‘IH YOowy HINZIeOL WmpPatraz) GxuMoqEWA “WZ pO ‘Og aTTwEQoEL 


a t2* 4a ervasg 5 
BOTWMKWT AY FeeILG SO eoedsy BwOg -(XMscTpIEAg ‘UEEH ‘escuETOg JO fuvpwoy 
7" ‘qoumrg Twin ‘ested Twi 403 P3n3 1380]) AOTARA “VA pie fen -WexDETIPL 


ens 


Sot ATpaeg oszeany pojwed 
om fq epeis419 aTeG Way Jo FopumAsuang ‘(acy rey ‘wpicacgag *g°O 

JOE, ABhZSQECy TwoTFePwpal oawit-acgcwEz Skporosoxs °8:0 Tosa 
ANzy390} LpxseqoyFoPeped AfLcuaayerwyrrsog}-oqragnoyog “TI pus Type aera 


STWIsksI) JO BdIWTIMTeIMD TIE poe TWOTTHYOey oT2 TeeKy ey 
AyyenoyweTay *(peIPopUe! ‘uss ‘seoueteg so Luspwoy 'o4nz3280]_zOp>nNpHOD_ 
-Tusp-pwrsazusy “WEES MY 4ONTUpOAaIendod sngzsen]) “yy ‘watojncy 


: texota Zo 

aoy{warozag ey co JeddoD pow BMUTENTy Jo CMT ‘(AsAcTRIANS ‘EEEN 
Feecvazag Jo Asepecy ‘qorerg peg ‘wotetu Twi 39 eyNGTISTI~xeACTPIEAg * | 

{BOER RYAN AOTT WIM TATEIS wegTzSULS WSTKeL “Fe pow LT ep ney 


tg ar] parepacd wars peswary scemyoedg yemr8O 
30 Geary vozensz3q "(Aon reer ‘4h 200 Juans fa782eQTM MTG fe Fa.» MD 
‘o@oy,20N Jum, sey;ereatun Liocagsrwpne>) oErTS "TY poe ‘ewig “eeuty 


’ ol pozenz 77g JO SNesalZ BCR OO DOTIwEloyay puP #eesarg Jo sOUERY, 

OPMROTA “LB pow (LyReTPactany “yy “MICRO “TZ Ca STONE 
| 9 . POOTRTPUOD Pwo] 4DaleTT Fee 
qyfoarsg yo socepueday tz (paanyue: ‘sen ‘samcetzg Jo Asepwoy. 
‘soyekag pestddy Jo mmsasur) LyyexcqwUBsy -3i-g poe owe *xcgsng 


sTHa 

% Jo wsyydromtrag arnjutadmej-aoy °(acq,uwr ‘EDs *7In smUsTOE Jo Anepwy 
(eazetug pettddy Jo eyaszsuy-woeN RY aMeTIAUT LpRBeyD, plait 

; QOYAARTOGY VIA pow SAOMPaIE UWL * ies TTPTTO 
| : *aTOTAAW YOR JO Pue ogy 4e CoAT are saorao;ay -AOKTOPpAWT tossazorg JO 
s{tsord L2042nporzoy #73 By PeuTy{oeE ASE BSTITTeCOsted snoJconE “wT aNoCT 


30 seszzedord Twsyompes pow ‘Aaporaswrd ‘Boars oy JO sueTQard TarecEs 
poe ‘eTwioe so endzses ‘etupteqem Jo sapzcodczd Teotieysan oy} wo peeds DoTIe 
euroyap Jo GouanTsEF ‘eveTsTIZ12q YIOD ‘{asusTyspigas NAIo=plY /sseUsTIIFIR 
Fodmey (AQT OTIOUTS Zoazcodey Jo WamwOTeT! ‘eTUTIOWws Jo TPuaTyS HH NITA 
Teep eaToTaTw ACL Abeer UpWIT JO JIBIO HY PCR (6e6T) doqw] Jo seu Pal 


N (saonesag TeoTaMIEQION PER TeS7° qi Jo yuem=edag) EDR MY ANE TATASedOT MENS 
Vos 
‘eTeprezen Jo TFuate BT, Ty PoguareqTy snorted Jogo poe Fast 
J” eopedyt ‘eyepBoTouqo4y ‘sseccTiue popyonTyEDSD IO} POPUSUT eT x0 STG MOMME 


; ON *(°pm ‘dsm Synfag) svocopog TROTEIDAL JO ayNPTPTWO 
| N tagger -g +a fsonsazorg teuteres Twormpa, Jo 10,909 ‘oweprL “g°wL feauteTog 


: “8 ek *656T 
Y) *pesupad wazdoo ooo'e =" piGatoeny dst wer 
B “uses - 4,008 (HBTOTETY JO UCTIOETION fepTToS JO qvalg My oF 
nV, Se meta) smuae ve oae {wpm oSoprasy Jysovqourd AseTqord atLrozoy ag 
USED yneW wlpmepERy 


Ses2/A08 WOLLVLICLEXE YOO I sBYEE (9) 2 


i 
: 
E 


1 


} 


\ 


ere ee ree a GS 


CIA-RDP86-00513R000206110006-5" 


APPROVED FOR RELEASE: 06/09/2000 


ganas eas RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5 


BE ES GES Pi 3 Seda 


~ 


PHASE I BOOK EXPLOITATION -  gov/3726 


Bokshteyn, Samuil Zeylikovich, Sergey Timofeyevich Kishkin, and Lita Markovna 
Oroz : 


Issledovaniye stroyeniya metallov metodom radioaktivnykh izotopov (Study of 
the Structure of Metals by the Method of Radioactive Isotopes) Moscow, 
Oborongiz, 1959. 217 p- Errata slip inserted. 3,200 copies printed. 


Reviewer: A.A. ghukhovitskiy, Doctor of Chemistry, Professor; Ed.: A.G. 
Rakhshtadt, Candidate of Technical Sciences, Docent; Ed. of Publishing 
House: L.1. Sheynfayn; Tech. Ed.: V.P. Rozhin; Managing Ed.: A.I. 
Sokolov, Engineer. 


PURPOSE: The book is intended for scientific workers and engineers specializ~ 
ing in metallurgy and the physics of metals. 


COVERAGE: This book deals with the: problem of the nonhomogeneity of metal 
alloys and the state of the metal at the interfaces, in particular at 


Card 176 
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Study of the Structure (Cont.) SOV/3726 

the grain boundaries. The methods. and results of investigations of the 
chemical nonhomogeneity of various alloys and of diffusion along the 
grain boundaries are presented. The authors devote considerable atten- 
‘tion to methods and techniques of using tagged atoms in investigating 
distribution and diffusion processes. Engineer T.I. Gudkova partici- 
pated in the experimental investigations of distribution processes 

of alloy components. The authors thank Professor A.A. Zhukhovitskly , 
Doctor of Chemistry, and A.G. Rakhshtadt, Candidate of Technical Sciences. 
There are 47 references: 35 Soviet, 11 English, and 1 German. 


TABLE OF CONTENTS: 
Preface 


Introduction 


Ch. I. Nonhomogeneity of Metals and Alloys 
Metals interfaces 
Exterior surface 14 


Grain boundary 16 
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The first prize of 10,000 roubles (imeni D. K. Chernov) was awarded to the 

following team: Professor S. 2. Bokshteyn, Engineer T. I. Qudkova, Doctor of 
“Technical Sciences Professor A.A. Zin ovitskiy, Doctor of Technical Sciences 

Professor S..T. Kishkin and Engineer L. Me Moroz for the paper "Investigation 

of the diffusion and the distribution of components in a real metal by means of 

Yadioactive tracers", The work described in this paper represents experimental 

and theoretical work of fundamental importance on diffusion in alloys as a function 

of the structure of the metal and the stress field caused by external action. 

A brief summary is given of this paper and it is stated that it is not only of maj- 

or theoretical importance but also of practical interest, particularly from the 

point of view of the problem of high temperature strength. 


Results of the 1958 Competition for Obtaining imeni D. K. Chernov and imeni 
N. A. Minkevich Prizes, Metallovedeniye i termicheskaya obrabotka metallov, 
1959, No. 6, pp 626) 
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$/129/60/000/06/005/022 
| 8.12997 £073/E535 
AUTHORS: Bokshteyn, S.%., Kishkin, S.T., Doctors of Technical 
“Sciencesand Osvenskiy, V¥.B., Engineer { 
TITLE: Influence of Polymorphous Transformations on Diffusion’ 
in Titanium v\ 
PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov, 
1960, Nr 6, pp 21-26 (USSR) 


ABSTRACT: The operating temperature of titanium alloys is usually 
450 to 500°C which is not in accordance with the high 
melting peint of the titanium, It can be assumed that 
the low heat resistance of titanium alloys is due to a 
certain extent to diffusion processes. According to 
A. D. McQuillan (Ref 5) the temperature of polymorphous 
transformation for pure iodide titanium is 882.5°C. At 
the operating temperatures the a-modification is stable, 


whilst at the high melting temperature the B-modification 
is stable. For the purpose of investigating the influence 


of the allotropic modification of titanium on the 
diffusion, the authors used iodide titanium of the 


Card 1/4 following composition: 0.015% Mg, 0.01% Si, 0.02% Fe, ve 
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< 0.02% Al, <0.02% Ni, 0.008% Cr, <0.005% Mn, 0.05% C, 
0.05% 0, 0.025% N. Since it is known that even small 
quantities of admixtures exert a considerable influence 
on the temperature of polymorphous transformations and 

the properties of titanium, the authors also investigated 
the commercial titanium VT1D of the following composition: 
0.3% Fe, 0.15% Si, 0.10% C, 0.05% W, 0.04% N, 0.15% 0, 
0.015% H. The commercial titanium was produced in a 
vacuum are furnace with a consumable electrode with 
double re-smelting in a step-wise crystallizer. The 
electrode was made of pressed titanium sponge. The 
produced ingots were forged into 12 x 12 mm cross-section 
rods. After descaling these were vacuum annealed at 
1300°C for 8.5 hours. The diffusion of lead into the 
titanium was studied by means of labelled atoms. The 
diffusion was studied in the temperature range 700 to 
1100°C, measuring every 20 hours the integral intensity 
of the B-radiation. Table 1 gives the obtained aa 


Card 2/4 of diffusion of lead into iodide titanium at the 
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temperatures 700 to 1100°C, whilst Table 2 gives the 
diffusion coefficients of lead in commercial titanium 
at the same temperatures. Fig 2 shows the distribution 
of lead in titanium resulting from diffusion into 
commercial titanium at 850°C. The authors also 
investigated the influence of structural transformations 
during diffusion annealing on the diffusion speed using 
two batches, one of which was quenched from 1050°C, the 
other was quenched (after soaking for 100 hours) from 
750°C. The respective microstructures are reproduced 
in Figs 3a and b. The obtained results permit 
elucidating the apparent contradiction between the high 
diffusion temperature and low heat resistance of 
titanium, The low temperature modification of titanium 
has a high diffusion mobility; the low strength of the 
interatomic bonds, combined with the high diffusion 
mobility, leads to a rapid loss of the strength with 
increasing temperature. However, the high temperature 
Card 3/4 modification of titanium appears to possess a relatively 
Yo 


SGA Se EIT 
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high strength of the interatomic bonds. The following 
conclusions are arrived at: 

1) The coefficient of diffusion in a-titanium at the 
transformation temperature is larger by about two orders 
of magnitude and even more and the activation energy of 
the process is half that of Bp-titanium., A qualitatively 
equal relation is observed in commercially pure titanium 
but the diffusion mobility in this is considerably lower 
and the activation energy is higher than in iodide 
titanium, 

2) The difference in the diffusion parameters of a and 
B-titanium may be due to differing strength of the 
interatomic bonds or may be associated with structural 
features of a-titanium, 

3) Structural changes in titanium in the process of 
diffusion annealing lead to an acceleration of the process 
of diffusion. 

There are 3 figures, 2 tables and 17 references, 7 of 
which are Soviet and 10 English. v4 
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Determination of the diffusion coefficient from the 

displacement of the activity curve. JZav.lab, 26 no.7: 

828-830 160, (MIRA 13:7) 
(Diffusion) (Radioisotopes) 
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AUTHORS; Bokshteyn, S. Z., Gubareva, M. Ae, Kishkin, S. T., and 

Moroz, Le We 
a 
TITLE: Study of the Process of Iron Recrystallization by the Method 


of Radioactive Isotopes /q 
PERIODICAL: Zavodskaya laboratoriya, 1960, Vol. 26, No. 10, pp. 1111-1114 


TEXT: The authors studied the behavior of atoms at the grain boundaries 
during the recrystallization of iron (content in %: 0.021 C, 0.014 P, 
0.011 S, 0.67 Si, 0.07 Al, 0.08 Mn, 0.06 Ni, 0.033 Cu). Samples of this 
iron were covered with Fe2?, In annealing, Fe)9 spread due to diffusion 
at the boundaries between the metal grains. This permitted an observation 
of the local displacement of atoms lying at the boundary during 
deformation and recrystallization annealing. Iron rods were annealed at 
12500C for 8 h, and then cut into samples (10x 10x20 mm). The riveted 
layer (70-80n) was removed by electropolishing in perchloric and glacial 
acetic acids. An Fe? layer 1.0 » thick was electrolytically applied to 
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the polished surface. Subsequently, the samples were deformed by 
compression by 10-16% (Fig. 4) and by 45-70% (Fig. 2). Figs. 1+8 show the 
autoradiogram (a) on the left, and the microstructure (b) on the right 

on microphotographs. During exposure the samples were protected by a film 
1 p thick (1% of Zapon varnish in the solvent P2,B (RDV)). To produce the 
autoradiograms, the samples were exposed for several days on photographic 
plates or films HUKOU (NIKFI), type MP(MR). The autoradiograms were 
compared with the microstructure pictures which had been taken by a 
microscope of the type MUM~8 (MIM-8). Next, the recrystallization 
annealing was carried out (Figs. 3, 5-8). A Table on p. 1113 gives the 
hardness and the methods of treatment for some samples. On the basis of 
their methods, the authors succeeded in observing the behavior of grain 


boundaries during plastic deformation and subsequent recrystallization. 
It was proved that iron recrystallization at relatively low (15%) and high 
(50-70%) degrees of deformation causes no essential change in the position 
of atoms laying at the boundary of deformed grains. With a considerable 
structural change of the metal after a double recrystallization, as well as 


Cara 2/3 


APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5" 


"APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5 
Study of the Process of Iron 3/032/60/026/010/007/035 


Recrystallization by the Method of BO016/B054 
Radioactive Isotopes 


after polymorphous a —»y transformation, the atoms at the boundaries of 
the initial bodies are not displaced, In contrast with recrystallization, 
plastic deformation is accompanied by a considerable displacement of atoms, 
The results prove that the displacement of grain boundaries during 
recrystallization and the subsequent growth of grains is connected with a 
specific mechanism which differs from the ordinary diffusion mechanism. 
There are 8 figures, 1 table, and 15 references: 4 Soviet, 1 US, 1 Dutch, 


1 French, and 4 German. 
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Effect of prestressing and of the creep process on diffusion 
inside and along the grain boundaries. Trudy MAI no.123:35-40 
60. (MIRA 13:6) 


(Crystal lattices) (Creep of metals) 
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AUTHORS: Bokshteyns,.S.2-, Doctor of Technical Sciences,Professor; 
Gubareva, M.A., Engineer; Kontorovich, I,Ye., Doctor 
of Technical Sciences; and Moroz, L.M., Candidate of 
Technical Sciences 


TITLE: Peculiarities of the Diffusion of Carbon in Iron 


PERIODICAL: Metallovedeniye i termicheskaya obrabotka mnetallov, 
1961, No. 1, pp. 10-14% (+ 1 plate) 
TEXT: Work by two of the authors (Refs 1-4) and by others 
(e.g. Refs 2, 3) has shown that diffusion is often non-uniform, 
This effect could be associated with difference in the activation J 


energy of diffusion (Refs 8-10). In this present work the authors 
Studied diffusion of carbon in technical purity iron (9,03% C) and 

iron alloys with 0.03% C and 0.14, 0.64 or 2.933 Si. Some alloys — 
also contained a third component: 4%&.56 or 30% Ni, 0.36 or 1.61% Al, 
0.88, 3.77 or 14.13% Cr, 0.21 or 3% Mo, 1.19 or 4.978 W, 0.1 or 

2.29% Ti. This enabled the influence of carbide-forming and non- 
forming elements to be compared. Prismatic specimens 20 mm high 

and with a 10 mm base were used. (C1 was deposited on the surface 
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Peculiarities of the Diffusion of Carbon in Iron 
from barium carbonate or from special specimens containing this 


isotope. The first technique was used for studies in the gamma, the 
second in the alpha states. Auto-radiographs were obtained on aaa 


type HUKOU (NIKFI) plates, contact prints being examined micro- 
photometrically with a typeMD-4 (MF-4+) instrument. The diffusion 
coefficient was calculated by the method of Bokshteyn et al (Ref.11). 
Microstructural analysis was also carried out. Autoradiographs and 
microstructures for iron at 950 °C are shown in Fig.la and b. 
Autoradiographs at 550 °C for alpha iron (unalloyed and with 0,64¢ 
Si, top and bottom, respectively) are shown in Fig.2a and b, J 
Fig.5 shows plots of darkening against depth of diffusion of carbon “ 
in the grains (top curve) and along boundaries (bottom curve in each 

of the two diagrams), for ferrite (550 °C), The influence of 
concentration of the different alloying elements on depth of 

diffusion (mm) in iron at 950 °C is shown in Fig.6, 
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i Fig.7 shows. relative darkening with respect to distance into ferrit 
grain for carbide forming (left-hand graph) and non-forming (right- 
hand graph) alloying elements. The left and right ends of the plots 
relate to the grain boundaries; the remaining space, corresponding 
to 0.30 TM. 4 relates to the body of the grain. 
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The work shows that earbon diffusion in both alpha- and gamma-iron 
occurs unevenly, the grain boundaries and adjacent alpha solid- 
Solution regions becoming enriched with carbon. The diffusion 
coefficient for grain boundaries is 3-4 orders higher than for 

inside grains. Alloying modifies both rate of diffusion and 
distribution of carbon within the grain; depending on the effect 

of the element on the gamma region. Alloying reduces the 
carbon-concentration drop between the boundary and the body of 

the ferrite grain. : 
There are 7 figures and 11 references: 7 Soviet and + non-Soviet. / 


J 
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AUTHOR: Bokshteyn, S.Z., Doctor of Technical Sciences, Professor 
BOKSALCYMs So as 
TITLE: Diffusion and structure of metals 


PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov, 
no.1l, 1961, 2e11l : 


TEXT: Diffusion governs many structural changes in metals and 
ean be greatly affected by small’changes in the structure. The 
theory of the process and much of the data have been obtained for 
idealized conditions, without taking into account real conditions 
as determined by: 1) internal structural factors (e.g. the 
existence of boundary surfaces), high-temperature structural and 
phase changes; 2) external forces acting on the metal (e.g. an 
electrical field). The author, who has made many contributions to 
the subject, surveys the field, but does not consider the 

influence of macroscopic structural defects, pores and cracks on 
diffusion, He deals first with the role of structure in diffusion. 
I.c. Fisher (Ref.1: Journal Appi. Phys., no.1, v.22, 1951) made a 
theoretical analysis of the role of grain boundaries, treating them 
{in a real crystal) as a slit perpendicular to the specimen surface 
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and dividing two semi-infinite volumes corresponding to the grains, 
A more complicated and rigid treatment followed and extended to 
include the equilibrium distribution of components between the 
surface and body (Ref.4: S.Z. Bokshteyn, S.T. Kishkin, L.M. Moroz, 
Study on the structure of metals by the method of radioisotopes, 
Metallurgizdat, 1959). A real crystal has also been treated 
(Ref.5:; B.S. Bokshteyn, I.A. Magidson, I.L. Svetlov, Fizika 
metallov i metallovedeniye, v.6, no.6, 1958) as an arrey of . 
spherical grains, taking the boundary width as 5 x 107% cm, the 
value in the original treatment (Ref.1) being 5 x 10-8 cm. 

The effect of sub-structure on-diffusional mobility has been 
examined (Ref.7:; B.S. Bokshteyn, T.I. Gudkova, Izv. vysshikh 
uchebnykh zavedeniy, Chernaya metallurgiya, no.5, 1960), it being 
found that the diffusion coefficient could be several orders 
greater along block boundaries than inside grains; the thickness 
of the boundary-adjacent layer for self-diffusion of iron was 
found to be about 1076 em, the activation energy being about 

30 OOO cal/g.atom. The activation energy for self-diffusion in 
pure metals is well represented by the empirical relation of 
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V.Z. Bugakov (Ref.9: Diffusion in metals and alloys, Gostekhizdat, 
1949) that it is 40 times the fusion temperature, and it has been 
concluded {Ref.10; M.Ye. Yanitskaya, A.A. Zhukhovitskiy, 
S.Z. Bokshteyn, DAN SSSR, v.112, no.4, 1957) that the diffusion 
activation energy, in contrast to purely thermodynamic properties, 
greatly affects metal structure. Any crustal-structure 
disturbance facilitates diffusion, In the next section the 
‘ author considers the grain boundary; substructure and diffusion. 
At grain boundaries, whose structure always differs from that of 
the grain (Ref.1l: Metal Interfaces, Cleveland A.S.M., 1952) there 
is an extra 2000-5000 cal. of energy per mol, the activation 
energy for self-diffusion being about halved. The high mobility - 
along grain boundaries has been clearly demonstrated for self- — 
diffusion (s.g. Ref.1t4:; S.Z. Bokshteyn, S.T. Kishkin, L.M. Moroz, 
Zavodskaya laboratoriya, no.3, 1957), autoradiographically; this 
is the only method by which the persistance of the predominance of i 
self-diffusion along grain boundaries to high temperatures can be 
demonstrated. An exception to the general rule is titanium, in 
which diffusion of, for instance, iron is quicker through the 
grain than along the grain boundary. Contrary to some views 
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1955) preferential diffusion along boundaries occurs in inter- 
stitial solid solutions, e.g. diffusion of carbon in alpha- and a 
gamma-iron, The enormous effect of grain boundaries on diffusion 
is associated with their structural peculiarities, as confirmed by 
the influence of the degree of disorientation of adjacent grains 
(e.g. Ref.18: R. Franger, Smoluchowski, R., Journal Appl. Phys. 
no.7, v.22; M. Achter, R. Smoluchowski, Phys. Rev., v.76, 1949). 
The influx of atoms to the boundary is not balanced by their eflux, 
and this can lead to a local excess of vacancies, Block boundaries 
also play a part (e.g. Ref.32: S.Z. Bokshteyn, S.T. Kishkin, 

V.Ye. Osvenskiy, Metallovedeniye i termicheskaya obrabotka 
metallov, no.6, 1960) as can retained internal separation surfaces 
(Ref.23; P.L. Gruzin, Ye.V. Kuznetsov, G.V. Kurdyumov, Symposium 
‘problems of Science of Metals and Physics of Metals', no. 4,1954). 
Dealing with diffusion along external metal surfaces-and surface 
layers, the author states that this has been studied least, 
although some work has been done (e.g. Ref.26; R. Nickerson, 

E. Parker, TASM, 42, 1950). With a compacted powder such 


(Ref, 16; Ya.S. Umanskiy et al., Physics of Metals, Metallurgizdat, Se 
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diffusion can be atudied conveniently. For example (Ref.30: 

B.S. Bokshteyn, D.K. Belashchenko, A.A. Zhukhovitskiy, Izv. AN SSSR, 
OTN, Metallurgiya i toplive, no.6, 1960) surface-diffusion 
coefficients and activation energy (approximately 11000-12000 cai/g. 
atom) for tin in nickel have been determined. The effect of phase 
boundaries on diffusion rate has not been confirmed experimentally. 
In the next section the author deals with phase transformations, 
crystal structure and diffusion in metals, He and others (Ref,31: 
S.Z. Bokshteyn, A.A. Zhukhovitskiy, S.T. Kishkin, E.R. Mal'tsev, 
Nauchnyye doklady vysshey shkoly, no.4, 1958) have shown that the 
polymorphous azty transformation does not increase the self- 
diffusion of iron whereas the complex eutectoid transformation does. 
They have also shown (Ref.32: S.Z. Bokshteyn, S.T. Kishkin, : 
V.E. Osvenskiy, Metallovedeniye i termicheskaya obrabotka metallov, 
no.6, 1960) that in titanium alloys recrystallization can increase 
mobility of tin. This is to be attributed to differences in the 
internal boundaries rather than differences in packing density. 
After ageing a nickel alloy the grain-boundary diffusion rate of 
tin is reduced to 1/5 that in the hardened alloy. The author 
attributes observed wire movements to thermodynamic factors rather 
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author draws attention to the 30135-fold difference between the 
experimentally determined value of ‘the pre-exponential factor and 
that calculated, assuming a simple diffusion mechanism. Although 
a new structure is formed (Ref.44; S.Z. Bokshteyn, M.A. Gubareva, 
S.T. Kishkin, L.M. Moroz, Zavodskaya laboratoriya, no.10, 1960) 
the location of atoms of the iron and nickel at the initial 


Diffusion and structure of metals 


boundaries of the deformed metal is not affected by recrystalliza- 


tion, This holds also for atoms of impurities forming 
substitutional solid solution with iron but not if the solid 
solution is interstitial (carbon in iron), when a specific 
mechanism different from ordinary diffusion comes into play. 
There are 6 figures, 2 tables and 46 references; 23 Soviet-bloc, 
2 Russian translations from non-Soviet-bloc authors and 21 non- ; 
Soviet-bloc. The four most recent English language references read} 
Ref,2: R.f. Wipple, Phil. Mag., v.45, no.371, 1954, 
Ref.8: A.A. Heudrickson, E.S. Machlin, Journal of Metals, no.9, 

v.6, 1954, ; 
Ref.19: Jukawa, M. Sinnot, Journal of Metals, no.9, v.7, 1955. 
Ref.45: R, Balluffi, Z. Seigle, Journal Appl. Phys., v.25; 1954. 
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than differences in mobility of the components. The effect of . wee 
strsss and deformation on diffusion is next considered, The author 
and others have shown (Ref.34: S.Z. Bokshteyn, T.I. Gudkoya, 
A.A. Zhukhovitskiy, S.T. Kishkin, DAN SSSR, v.121, no.6, 1958, and 
Ref.35: S.Z. Bokshteyn, T.I. Gudkova, A.A. Zhukhovitskiy, 

S.T, Kishkin, Some Problems of Strength of Solids, AN SSSR, 1959) 
that tensile stresses increase both self- and hetero-diffusion, 
the rise in the low elastic-plastic region being 2-3 fold, and 
considerably more in the plastic region (Ref. 34). The relative 
change decreases with increasing temperature. Irreversible 
structural changes produced by plastic deformation have an 
important effect (Ref.3%4). The initial deformation of tin in 
nickel is only restored after annealing at 1200 °C (Ref.35). 
Deformation leads to a high surface diffusional mobility; this 
effect decreases rapidly with increasing depth, disappearing 
within a few microns, The author points out that diffusion 
influences the high-temperature fractures of metal, through 
vacancy distribution and pore formation and development (e.&. 
Ref.40; Ya.Ye. Geguzin, Fizika metallov i metallovedeniye, no.5, 
vol.1, 1957). Discussing recrystallization and diffusion the 
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Moskva, Gos, nauchno-tekhn,izd-vo lit-ry po chernoi i tsvet- 
noi metallurgii, 1962. 268 p. (MIRA 15:2) 
(steel Heat treatment) 
(Phase rule and equilibrium) 
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doktor tekim,nauk; VINOGRAD, M.I., kand. tekhn.nauk; GAMOV, 
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mat. nauk; YANKOVSKIY, V.M., kand. tekim, nauk; RAKHSHTADT, 
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[Hetallography and the heat treatment of steol|Metallo- 
vedenie 1 termicheskaia obrabotka stali; spravochnik, 
I2d.2., perer. i dop. Pod red. M.L.Bernshteina i A.G. 
Rakhshtadta. Moskva, Metallurgizdat. Vol.2. 1962. 
1656 p. (MIRA 15:10) 
(Steel—Metallography) 

(Steel—Heat treatment) 
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AUTHORS: Kishkin, S.T., Corresponding Member of the AS.USSR, 
Lozinskiy, M.G., Doctor of Technical Sciences, 


Bokshteyn Z., Doctor of Technical Sciences, Professor, 
SokolkKov, Ye.N., Candidate of Technical Sciences 
TITLE: Influence of high-temperature plastic deformation ¥ 


on the mechanical properties of heat-resistant 
nickel-base alloys 


no.1,.1962, 38-40 + 1 plate 


TEXT: Two Ni-Cr-base alloys were investigated: the low-carbon 
34378 (£1437B) alloy of the standard composition and the 
3M617 (EI617) alloy, containing 0.12% C and additions of W and 
Mo. The alloy E1437B was subjected to the following thermo- 
mechanical treatment: blanks of 16 mm diameter were first soaked 
for 8 hours ‘at 1080°C and rolled at this temperature at a rolling 
speed of 4,5 m/min to 30% reduction. 0.2 to 0.3 sec after 
deformation, the blanks were quenched to supercool the austenite 


PERIODICAL: Metallovedeniye i termicheskaya obrabotke metallov, x = 
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and to retain the structure, produced as a result of high- 
temperature plastic deformation. The blanks were then 
aged at 700°C for 16 hours. Blanks of the alloy EI617 were 
heated to 1200°C and stamped in a press, SO that an average 
reduction of 30% was achieved} this was followed by quenching 

in water. The blanks were then aged at 800°C for 16 hours. 

The results of static tensile and impact tests at room 
temperature are given in Table 1. Studies of the influence of 
thermomechanical treatment on the creep strength of austenitic: 
steels revealed that recrystallization should be prevented 

during high-temperature plastic deformation since it would 

cancel out the beneficial effects of the thermomechanical 
treatment. Microstructural investigations correlated 

with the results of mechanical tests indicate that the increase in 
strength and’ ductility occurs even if recrystallization has not 
been fully suppressed. The increase in strength is 

attributed to.an increase in the quantity of the 

carbide phase, to changes in the finely crystalline 
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structure of the material and to texturing. The large increase 
in the ductility of the investigated alloys is obviously due 

to the absence: of intercrystalline fracture. The following 
participated in the experiments: N.I. Korneyev; T.A.Gordeyeva, 
Ye.I. Razuvayev, O.N.e Podvoyskaya, M-N. Kozlova, 

LoM. Strizhevskaya, T.A- Volodina, N.F. Lashko, E.V. Polyak, 
G.N. Korableva, AeV. Bulanov, M-I. Spektor and I.G. Skugarev. 
There are 2 tables and 7 references: 4% Soviet-bloc references 
and 3 non-Soviet-bloc. The three English-language references 
mentioned are: Ref. 4: E.B. Kula, JoM. Ohosi -— "TASM", vi52, 
1960; Ref. 5: D.J.Schmatz, J.C. Shyne, V.F. Zackay - Metal 
Progress, ve76, no. 3, 1959; Ref. 7: E.B. Kula, 5.L. Lopata - 
Trans. AIME, v.215, 1959. 
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Table lL: 


Mechanical Properties 
Alloy Treatment %.2: oh 6, YW 
2 
kg/mm” kg/mm % 


EI437B Standard (reference 
specimens ) 97-0 25.0 20,9 
TMO * 119 32,0 3007 


Standard (reference 
specimens ) 71.7 103.7 14.6 10.1 1.8 3. 
TMO* 93.8 129.6 31.2 25.9 7.8 3. 


6 
3 


5 


x Plastic deformation of supercooled austenite 
followed by conventional hardening and tempering 
treatment. 
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AUTHORS : Bokshtcyn,—S-Z. , Kishkin, S.T., Lozinskiy, M.G. and 
Sokolkov, YeeN. (Moscow) 
TITLE: Thermomechanical treatment of a chromium-nickel- 


manganese austenitic steel 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. | Otdeleniye 
tekhnicheskilkh nauk. Metallurgiya i toplivo, no- 2, 
1962, 15 - 21 
TEXT: © The, so-called, "thermomechanical treatment" (TMO) 
consists essentially of combining plastic deformation at 
temperatures above the recrystallization temperature with Va 
quenching under conditions precluding recrystallization of the- A 
plastically deformed material. The effect of this treatment on 
the structure and properties of various materials has already 
been studied by other workers. Some additional data on TMO 
of austenitic steels are presented in'the present paper, with 
particular reference to the properties of these steels after 
TMO to the ageing treatment and to some characteristics of the 
diffusion processes.’ The experiments were: conducted on cehromium- 
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nickel-manganoese austenitic steel Qu 481 (E1481) specimens, 

15 and 60 mm in diameter, the former 150 and the latter 250 mm 
long. The plastic-deformation part of TMO was effected by 
rolling at 2.4 m/min in the case of specimens 60 mm in diameter 
and at 4.5, 7-5 and 135.5 m/min in the case of 13 mm diameter 
specimens. 25 and 30% reduction was given in each case. 
Ricrystallization of the 13 mm diameter specimens was suppressed 
by immediate quenching in a water tank mounted on the rolis 
ousing, the time interval between completion of the rolling 
operation and quenching amounting to 0.2 to 0.3 sec-e Rapid 
cooling of the 60 mm diameter specimens was attained with the 
aid of a specially designed spraying device. Preheating of 

the test pieces for rolling was done in air in an electric 
furnace, the preheating temperature and: time being 1 180 C and 
2 hours, ir@spectively. TMO of small (135 mm diameter) test 
pieces wag carried out after cooling them from 1 180 to 

1 100 °c.*,In the case of large (60 mm diameter) test pieces 
TNO was applied at. the preheating temperature and after cooling 
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to 1 150, 1 100, 1 050 and 1 000 °C. A number of test pieces 
were given conventional treatment (water-quenching) to obtain 
control specimens§for comparison. All the test pieces (whether 
quench-hardened of subjected to TMO) jwere aged at 680 C,for 

10 hours, after which they Were eiven an additional treatment 
of 10 hours at 790 °C, followed by aig-cooling so as to attain 


hardness corresponding to the indentation diameter a ey 
1 


= 3.5 - 3-7 mm. In addition to standard tensile tests at room 
temperature, tests at 650 °c were carried out under conditions 

of short and prolonged loading, the latter (i.e. creep) tgsts 
being conducted under an applied stress of 59 or 45 kg/mm 4 
To study and compare the progress of diffusion processes in 
material subjected to TMO or given the conventional treatment, 

the rate of diffusion was measured by a radioactive-tracer 
technique, entailing cutting a taper section across the diffusion 
region. 5 

A. thin film of Fe 9 was electrodeposited on the specimens stucied, 
which were then given a 150-hours diffusion-annealing treatment: 
at 800 ~C in vacuum, after which both volume and grain-boundary 
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diffusion coefficients were determined.’ Overall diffusion 
coefficients were also calculated with the aid of the 
absorption inethod. Phase-analysis was used to study the effect 
of hot plastic deformation on the process of carbide-formation 
during ageing. Electrolytic extraction of the carbide phase 
from various test pieces was carried out in a 5% solution of 
nydrochloric :acid in methanol. The anode residues weré& also 
examined by X-ray diffraction measurements. Preliminary 
examination of the microstructure revealed that, irrespective 
of the rolling spbed employed during TMO, full suppression of 
recrystallization had been:achieved in small (15 mm diameter) 
test pieces only. ' None of the TMO pxocedures used on large 

(60 mm diameter) test pieces had ensured suppression of the. 
recrystallization processes The results of standard tensile tests 
at 20 and 650 lo carried out on snall specimens, showed that 
TIO brought about a slight increase in UTS at 20 (from 


108 - 114 kg/mm") but had no effect on the strength of steel 
at 650 °c. The variation in plasticity was somewhat different. 
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Thus, as the rolling speed during TMO increased, the elongation 
‘of steel at room temperature decreased below that 
Neat-treated in the convent i based to 
exceed this value. in area which, 
after THC entailing 5 m/min, at tained 
2 value of 55.2%, 
conventional treatment. ts at 650 °% 
also showed a Slight increase in elongation of Specimens 
Subjected to THO, although reduction in area of Specimens 
rolled at 15.5 w/min was Somewhat lower than that of the control 
test pieces. rated creep tests conducted 
on of 43 kg/mm” showed that 

g TMO, the time-to-rupture 

r this treatment by 20-25%, 

mens tested under a stress 


Metallographic examination of 
recrystallization during TMO had 
n each of the Specimens ‘examined. 
sence of new small crystals which 
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were usually formed in recrystallized material along the 
boundaries of the original grains. A common Specific structural 
feature of all Specimens subjected. to TMO Was distortion ° 
Grain boundaries which had assumed a characteristic serrated 
contour. A distinguishing feature of Specimens rolled during 
TMO at a speed of 4.5 m/min was well-developed sub-structure. 
Tre formation of sub-structure was associated with the formation 
o- blocks (several tens of microns in size) in the interior of 
the grains. The relatively large angular misalignment of these 
blocks was indicated by the ease with which the block boundaries 
_ could be revealed by etching. No such Clearly defined sub-+ 
Structure was observed in specimens rolled during TMO at higher 
Speeds, although in a few isolated instances there was some 
evicence of block formation. The formation of the fine structure 
could be attributed to polygonization processes and subsequent 
decoration of the low-angle boundaries by the soluto atoms and 
Second-phase particles Another specific feature of the structure 
procuced by TMO is tio] fragmentation of grains, i.e. sub~division 
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vl grains into parts whose dimension are commeasurable with 
sae size of the Grains. themselves. It would appear that 
sYaguentation is mainly a result of intensive twinningstaking 
Ylace during hot plastic deformation. . As Stated already, none 
of the TNO procedures applied to large (60 mm diameter) test 
pieces ensured complete suppression of recrystallization, the 
extent of w hi i that an unrecrystallized 

i y in the very surface layers of the 

In this case TMO had practically no effect on the 


resistance-to-creep of the steels studied. The results of pnase 
analysis showed that althou ~Carbide’ content of 
i jected 
independent o 
treatment. T um=-carbide content o 
practically unaffected by TMO. ‘Finally, 
Studies indicated that after TMO th 
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owing to < i i i ion mobility, difficulties 
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coefficient, the overall diffusion coefficients were measured 

by the absorption method. Comparison of the results obtained 
Sor test pieces with different structures showed that the 

overall diffusion coefficient for materials which had undergone 
THO was more than twice as high as that for specimens Given the 
conventional treatment. The Seneral conclusion reached was 

thet in addition to the previously established strengthening 

ef: ect of Srain-boundary distortion caused by TMO,, the beneficial 
effect of this treatment on the high-temperature properties of 
Steel was associated with an increase in the Quantity of the 
strengthening phase and, possibly, with refinement of the mosaic 
structure and formation of Slight texture. There are 4 xigures 
and 2 tables. , 
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AUTHORS : BokshtovBensied » Doctor of Technical Sciences. 
professor, Kishkin, SoToy Corresponding Member of the 
Academy of Sciences and Moroz. LoM., Candidate of 

Technical Sciences 


TITLE: Influence of carbon on the movement of grain 
boundaries in the recrysStallization of iron 


PERIODICAL: Metallovedeniye i. termicheskaya obrabotka metallov, 
BGs. 34. 2OG2s 8 - 15 


TEXT: Liicke and Detert (Ref. 1 - Acta Metallurg: Ved, noe ll. 
1957) and Beck (Ref. 2 - Metal Interfaces, Cleveland ASM, 1952) 
consider that there is a sharp drop in the speed of recrystalli- 
zation when the concentration of an impurity reaches some 

critical value (about 0.01%) pelow the solubilityo Impurities 
forming a second phase also retard the growth of recrystallization 
centres. Using their radioactive-isotopes techniq (Ref. 6- 
"Zavodskaya laboratoriya, mOc 10, 1960) the present authors and 
MoAv Gubareva have studied the influence of carbon on the 
behaviour of grain boundaries in the recrystallization of ‘ 
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technical-grade iron. Carbon was chosen as an element 
practically insoluble in alpha-iron; it 15 known to lead to 
an increase in the activation energy of recrystaliization of 
aron and, if present in quantities even slighly in excess of its 
solubility, to prevent collective recrystallization, particu- 
larly at 620 - 700 "6. Specimens were Saturated with carbon 
from donors at 700 °c for 2 hours. The behaviour of carbon 
atoms at iron-grain boundaries was followed directly during 
deformation and subsequent recrystallizing annealing. 
Recrystallization was studied on specimens 10 - 15 and 50 + 
detormed, the first being in fact close to the critical value, 
Autoradiograms obtained before and after deformation were com- 
pared. From this and the microstructure the behaviour of the 
carbon was evaluated. The sizes of all grains increased after 
deformation; heating to 550 °c failed to produce recrystal- 
lization but growth of alpha-phase grains occurred. Carbon 
tended to move towards grain boundaries even when this meant 
going into a region of higher carbon concentration. ar 650 Le 
recrystallization was almost complete, the carbon remaining at 
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the grain boundaries produced after heating at 550 cour 
Although recrystallization was practically instantaneous, a 
completely new fine-grained structure was produced. Heating to 
750 ak produced growth of recrystallized grains and movement, 
not always complete, of carbon to the new grain boundaries» 
Recrystallization annealing at 700 C for 45 min of specimens 
after 13% deformation gave little change in microstructure; 
carbon moved from the boundaries of deformed grains to those 
of the new recrystallized grains. The influence of the alpha- 
gamma transformation on the behaviour of carbon atoms located 
at boundaries was studied in another series of experiments. 

For this purpose specimens wre heated at 950 °c for 1 hour. 
Completely new grains were produced, the carbon both migrating 
to them and forming large accumulations of carbides. It is 
evident that the behaviour of impurity atoms located at 
boundaries and forming interstitial solutions is very aifferent 
from that of boundary atoms of the base element; as shown 
previously (Ref. 6), boundary atoms in iron recrystallization 
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Pitas atoms follow newly-formed grain 

There are 8 figures and 1 table. 
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AUTHORS: Bronfin, M.B., Bokghteyn,S.Z., Kishkin, S. T. 
TITLE: The self-diffusion of molybdenum in molybdenum-zirconium alloys. 


SOURCE: Akademiya nauk SSSR. Institut metallurgii. Issledovaniye splavov 
tsvetnykh metallov. no. 3. 1962, 12-18. 


TEXT: The paper describes experirnental work done to clarify the dependence 

of the volumetric self-diffusion (SD) parameters of Mo on two factors: (1) the 

amount of alloying Zr present; (2) the antecedent cold-working of Mo alloys. The 

work is intended as a contribution to correlations between the rate of self-diffusion 

and creep, such as those which O. D. Sherby, R.L.Orr, et al. have tried to estab - 

lish causally (J. of Metals, v. 6, no.l, Sect.I, 1954, 71-79; Trans. ASM, v.46, 1954, | 
113-128). Test material and methodology: Large-grain specimens were used to we 
reduce the share of boundary diffusion in the total diffusional flux. The Mo and its 

Zr alloys were vacuum arc-smelted, rolled into an 18-mm diam rod, and high-T 
annealed at above 1700°C; the alloys ranged from 0.005% Zr to 0.54% Zr. Right-. 
cylindrical plane-parallel specimens 14~mm diam, 4-mm high, were. cut out of the 

rods and were subjected to a 10-15-hr stabilizing anneal at 1,950-2,000°C ina 


1073-1074 torr vacuum, whereupon the grain size in all specimens attained 1-2 mm. 
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Part of the specimens were upset on a press at 20° (height reduction 25%) to investi- 
gate the effect of cold working on the SD of the Mo. The specimens were electrically 
polished, whereupon one of their faces was activated with radioactive Mo?? in a 
galvanic bath. Diffusion anneal was then performed ina special vacuum furnace 
(exploded view shown) at 1073-1074 torr and 1,720-2,000°C. The SD coefficient was 
measured by the two senior authors' method (Zavodskaya laboratoriya, no.7, 1960, 
828-830) based on the shift in the activity curve (summarized). Test results: The 
self-diffusion parameters measured (and tabulated) indicate an appreciable augmen- 
tation effect of even small additions of Zr on both the self-diffusion activation energy 
of the Mo and the factor before the exponential term. Thus, at T above 2,000°C the 
SD coefficient of Mo does not depend on the alloying, but at T below 1,700°, in which 
the value of the activation energy is decisive, the SD rate decreases with increasing 
Zr content (numerical values tabulated). Even though antecedent cold-working de- 
presses the SD activation energy of the Mo in Mo-Zr alloys, the activation energy 

of upset specimen increases with increasing Zr content. Inasmuch as the diffusion 
anneal of the deformed alloys was performed at a T substantially above their recrys- 
tallization T, the latter was completed in but a fraction of the anneal time, and the 
diffusion in the grain volume continued through an extended time in the absence of 
any structural transformation, so that any observed lowering of the SD activation 
energy of the Mo is regarded as a result of irreversible structural changes attribu- 
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table to the cold-working of the alloy. The increase in activation energy during the 
anneal is attributed toa healing of crystalline-lattice defects which previously had 
served as "short-cut paths" for the diffusion; cold-working appears to firm up the 
nhibiting the healing effect of the anneal. The relationship between 
and the activation energy is further examined and, in agreement 
with G. J. Dienes (J. Appl. Phys., v.21, no.11, 1950, 1189) and 3 Soviet authors, is 
found to be exponential. The results of this investigation agree with existing 
knowledge on the favorable effect of relatively small additions to Mo on its recrys- 
tallization T, its hardness (ref. Pipitz, E., Kieffer, R.. Zs. £. Metallkunde, v. 46, 
no. 3, 1955, 187-194), and ite high-T stress-rupture Strength (Northcott, L, 
Molybdenum, Russian translation, Moscow. Foreign Lit. Publ. House, 1959, 107-108). 
There are 2 figures, 4 tables, and 16 references (11 Russian-language Soviet, 1 
German cited above, 4 English-language of which 1 is a Russian translation), 


ASSOCIATION: None given. 
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AUTHORS: _Boksht: S.Z., Doctor of Technical. Sciences,Professor, 
Kishkin, S.T,,: Doctor. of 
Technical Sciences, Professor, Moroz, L.M., Candidate 
of Technical Sciences 


TITLE: Grain boundaries on recrystallization 


PERIODICAL: Metallovedeniye i-termicheskaya obrabotka metallov, 
no.9, 1962, 6-8 : 


TEXT: This is a continuation of earlier work ("Zavodskaya 
laboratoriya", no.10, 1960). The behaviour of W, Ni, Sn and 

C admixtures present at the grain boundaries during recrystallization 
of iron (0.021% C, 0.014% P, 0.011% S, 0.67% Si, 0.07% Al, 

U.08% Mn, 0.06% Ni, 0,033% Cu) was studied by autoradiographic 
investigation sand microstructural analysis, The admixtures, 
forming with iron substitutional solid solutions in the case of 
W, Ni, Sn and interstitial solid solutions in the case of Cc, 
were introduced by diffusion saturation at 600 to 700°C, The 
recrystallization was carried out after preliminary deformations 
of 10 to 15 and 50 to 70%. The Ni, W and Sn were completely 
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soluble in iron at all recrystallization temperatures 
investigated and remained in their original lattice positions, 
despite substantial changes in the structure of the metal. 

The behaviour of carbon atoms was substantially different: 

above 750°C carbon passed from the boundaries of deformed grains 
to the boundaries of new recrystallized grains. However, in the 
initial stages of recrystallization (after 30 to 45 min at 

650 to 750°C) carbon atoms remain at the boundaries of the init. 
Grains and boundaries of the new grains remain free from carbon, 
The possibility of "heredity", i.e. preservation of the initial 
structural and concentration non-uniformities in recrysta) lized 
metal was demonstrated on a molybdenum alloy (0,54% Zr, 0.003% or 
0.0008% Ti and 0.011% C). A thin layer of tungsten 185 was 
electrodeposited on the surface of a flat specimen of the deformed 
alloy, submitted to a preliminary annealing at 1700°C. The 
activated specimen was then annealed in vacuo at 1750°C for 

100 hours, Autoradiographs of an oblique section showed the 
presence of an accelerated diffusion not only along the boundaries 
of the newly formed grains but also a preferential penetration of 
Card 2/3 


’ 


APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5" 


CIA-RDP86-00513R000206110006-5 


"APPROVED FOR RELEASE: 06/09/2000 


S/129/62/000/009/001/006 
Grain boundaries .,, E071/E492 
grain boundaries were 
The velocity of diffusion 
han along the new boundaries, 
r than .volume diffusion. 


produced at the ‘beginn 
boundary migration, There are 6 


APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5 


"APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5 


SH APESSEECTSAETS IEC 


_BOKSHTEYN, S.2.3 KISHKIN, S,T.; SVETLOV, I.L, 


Breaking test for whiskers of co} 
pper, nickel, and 
crystals, Fiz.tver.tela 4 n0.'731735-1742 Ju’ *62, ae 


(Strength of materials--Testing) (Metal Pe aa 


APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5" 


APPROVED FOR RELEASE: 06/09/2000 


A Rp PT Rs NS 
ta Peis PRT REIT ES U 
BOSS SCTE ARN PSNI) oe 
eh DAL FSET TAGES ETP GRIESE CIA- RD 
2 ; as PE SL a SENOS GE 
ee aa EE BEES ghee 


c P86-00513R000206110006-5 


5 /032/62/028/005/006/009 
B117/B101 


AUTHORS ¢ . Bokshteyny 3, Ze, and Svetlov, Ie be 
cee ce 


PITLE: Determination of shape and size of cross section in filiform 
crystals 


PRRIODICAL: Zavodskays& laboratoriya, V- 28, no. 5» 1962, 599 ~ 596 


maxes: The strength of filiform crystals ig said to be best determined from 

the shape and size of cross section on the cr atal fracture point. The 
cold-hardening plastic 712-9 M ~ XO (712-9il- was used in devising 4 ee 
method of producing microcuts and of deter i of the 


cross section. The plastic wes poured int frame to prevent the 
orystel from warping and, after polymerization, uts were produced 
by the 2suel method, and examined with an MBV- e under 
2000-fold magnification. Mere than 50 threadlike coppe cuts were 
examined in this way. The cross sections of crystals obtained by reduction 
of copper iodide were mostly hexagonal, less frequently square of rect- 
angular; 4 good number were of bizarre shapes. The range of areas; 8» of 
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" TYYLEs.. Bifect of preliminary plastic defornation ¢ on the internal friction, of 


_ molybenun and noe earan Sra ee ra ry eee 
“SOURCE: | “yeasty znaya Aa Sie ose Se jevtenivan v metallakh i Pas 
__Splavakih. _3d, Yoronezh, 1962, Relaksataionnysye yavieniya v metallekh 1 splavakh 


"heluaation phen phenomena in metals and alloys); trudy* konferentsii. Moscow, Metal- 
lurgizdat, 1963, 223-127 


-. 2OPIC.TAGS: polybderum;- nolybaesin alley, internul friction, mola pdentan pee Oe ee 
deformation. re ea : pee oS 


“ABSTRACT: | “The eiichors investigated: tha: See ated between the- tonpevature ag: 

-maximum internal friction connected with plastic Geformation sand the grain Stee: 
‘in an’ attempt to explain the shift: ‘of the ‘deformation. maximug toward high tem-: — 
peratures. when’ the grain. size: increases. - ‘Molybdenun een cast binary alloys. 
“of molybdenum with zirconiun. “(0.13% Zr) and rhenium (507 by weight of Re) were 
tested; the 110-120 mm wire. newviee were: BeatEd ona torque pendulum in a vacuum 
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of 10-5 20m Hes ‘The. heating: gate was sb laghatn® in the. 20-1000¢ range. Maxinun 
deformation was below 10°79, The torgie oscillation: frequency for measuring inter- 
* mal friction was 0.35-0.40 cycles/sec..- Hydrochloric acid in an alcoholic solution 
' was used for electrolysis of the sample to increase the internal friction. All 
alloys passed throupiy reerystaitization: at-three-different temperatures. ‘The4- 77 
maximum of internal friction after. “prelininary- plastic deformation was on the high- 
temperature: side, but the internal. friction constantly decreased as the annealing © 
. temperature increased, especially between 200 and 6006. In the discussion, it is 
| pointed out that modern theory considers ‘the crystal structure to be a three- 
dimensional lattice, segments of which may bend under low stress. The equation 
derived in the paper shows that the medulus of elasticity of materials with dis- 
locations is lower than for materiais-without dislocations. Plastic deformation 
“thus “increases the dislocation density: in-the metal grains, lowering the effective 
- modulus of elasticity and increasing: internal- friction. ‘The maximum of internal 
‘. €¥tetion connected with plastic deforniation is:reached only for a certain reiation- 
ship of degrees of freedom of oscillating dislocations and introduced atoms of 
admixtures, The ixreversible _Aowering of internal friction at temperatures ex-_ 
ceeding the maximum temperature is caused in the opinion of the authors, not 
Pa. ey an increase in the diffusion mobility of the anpxoduced atoms, but also 
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by he Loweanae of ealaeenaly = fee ‘disiocations due to polyponization, The lack of 
a maximum connected with plastic deformation fdr the molybdenum-rhenium alloy in- 
gicates that there is a great difference betweg) the deformation of this alle and 
that of the molybdenum-zizconium ajloy . ox pure*molybdenum, For the _thenium*s Loy, 
plastic deformation is not “pecompan ad by the quantity of relatively free dislo- 
cations, which lead to the appearance ei the e-formation maximum of internal frie- 


Vsesoyuenyty | institut cavlatedonnytih materialov (All-taion Institute 


“of A wiation Materials) 


: ‘SUBNETTED: ‘1ONvE3 


“RO REF sov:" oor 


eh Rs 
‘ ae ease eee 
3 eres as 


APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5" 


-5 
"APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006 


ae i 11227-63.- ~~ as EWP(q:) /EWT(m) /2DS--AFFIC/ASD--JD mS Bee apes KE oy 
_ ACCESSION WR: APZO00KEB 8/0129/63/000/005/oov0/odk <5 
' AUTHOR: ” Bokshteyn, § 


: o Ze Kishkin, §, 2.3 ikishov, A. $.; Polyak E. VY, 
"” Boloviye Vas Grae ane SO 3 UERSeb Ove As S. a fOsyeky by Va} 


= TITLE: Aging of plastically deformed alloys (‘¥ : 


SOURCE: - 


 Metallovedeniye i termicheskeya Obrabotka metallov, no. 5, 


1963, 40-44 
;. TOPIC TAGS: _ thermomechanical treatment, high temperature, low temperature, 
heat resistant steel, heat ‘resistant: alloy, titanium alloy, aging, mechanical 
a properties, rupture life. “Baste ts 


:. ABSTRACT: A review of Fublished reports on: thermomechanical treatment of steels — 
| end allovs (THE) indicates that TM? has a beneficial effect. on rupture strength 
i Only up to a certain temperature, processes | 
i. Which cause softening proceed at a cc than in conventionally 
treated alloys. For instance, en Ri-CreY-Mo-TLeAl alloy [unidentified] after Tr 
-| Bad aging had a rupture life at 850¢ 50°to 40% lower than conventionally treated | 
“: alloys, although its tensile strength was. 25% higher, At lower service tempera- 

_ tures (5500 for Ni-base alloys end 450 to 5000 for TH-base alloys) THE greatly | 
= increases creep strength and rupture life, especially when combined with aging, 
Gord Yoo. ee ee 
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notch toughness, and rupture life ~~ as 
was ained by plastic deformation at 1000. sae 

i The VIZ-1 Ti-base alloy, _ 
hr, had a tensile strength 


»D ke/mn2, elongation of 9.4%, reductio 


conventionally 
2%, 34%, 2.9 mkg/em?, and 108 hr. still LA 
| Greater effects can be achieved by two-stage TyT: deformation at 12000 followed = 
by water quenching; reheating to 1000C anda second deformation with a reduction 

d by vater quenching and aging. After such treatment: the : 
alloy had e rupture life of 200 hr at 5500 under a stress of 92 kg/mm? and 100 br | 
+ at 6500 under &@ stress of 62 kg/mm; corresponding figures for conventionally 
treated alloys were 3 to 7 br and 60 hr, 


Conbined treatment of the Kh 2NQVMF 
& with 60% reduction at 1010, water quenching, sizing at 600¢ with 
-; 9.t0 10% reduction, combined with Sging for 2 hr) increased the tensile strength 
‘yp eb 200 by 40% and at 4500 by 60%, and the rupture life (at &50¢ under a stress ‘ 

_. Of 75 kg/mm?) by 250%. Orig. art, has: 4 figures and 3 tables, 


) ASSOCIATION; none 
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Investigating the effect of stress on porosity forming. Issl. po zharo- 
proch. splav., 10:81-86 '63, (MIRA 17:2) 
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-AUTHOR: Bokshteyn, 5S. Z. ; Kishkin, 8. T.; Moroz, L.M. 
" ‘TITLE: Condition of grain boundaries during recrystallization 


. | SOURCE: AN SSSR. Institut metallurgii. Issledovaniya po gharoprochny*m splavam, 
-v. 10, 1963, 214-218 


"TOPIC TAGS: metal fatigue, steel grain, recrystallization, grain boundary 


with two problems: First, whether or not the 
oundary of the newly-crystallized grains 
e traces of their inadequate structure, i.e., 
on. Radioactive 

isotopes were used for the i tion of 

molybdenum, nickel, iron an 

-the atoms of the base metal gr 

‘of the recrystallized metal and that the b 

of the structural features of the initial grain. Orig. 


ASSOCIATION: Institut metallurgii AN SSSR (Institute of Metallurgy AN SSSR) 
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i. a4 TITIE: The effect of alloying on the atrength properties of copper whiskers ~~ iE 


"| |SOURCE: Fizika tverdogo tela, v. 5, no. 6, 1963, 1749-1750 


+ 


; POPTC TAGS: copper whisker, copper-silver alloy-whisker, strength, alloying, 
‘leilver, impurity, size effect ee ed 


i ABSTRACT: In en attempt to explain the high strength exhibited by whiskers of 
1 eertain substances, the role of? impurities was investigated. Copper whiskers 
dusted in-a vacuum of 104 mm Hg with silver powder were annealed in vacuun 
. or in a stream of hydrogen under conditions assuring diffusion of the silver to 

, the center of the thickest whisker. The alloyed whiskers were then subjected to 


,& tensile test, Alloyed whiskers more then 4.5} ,in diameter were found to be maa 
- i stronger than the same size pure-copper whiskers;’ Tor small diameters the ‘ 
_ | reverse was true.. The dependence of strength on diemeter (size effect) is far 
aa less marked in alloyed whiskers then in Pure-copper whiskers. In thick whiskers, 
4 ree. nies. a & I 
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f | | 
ie 2 where. the density of. Sine sural: “detects is gs silver apparently acts ao 8 
~" stxengthener and the strengthening mechanions are epparently the same as those | 
5 ale usually associated with alloying (formation of a solid solution or precipitation. 
a . of & second phase), Impurities in thin whiskers (2 less ‘than 4.54 ), 
: 
- 
ae 


“however, epparently impair the perfectneas of the crystal isttice and facilitate | 
the nucleation oF dislocations ’ saad Serena the ee of the B whiskers. 
Orig. art. has: a qAUOs 2 . 
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“ AUTHOR: -Bokshteyn, 8.Z.; Bronfin, M. B.; Kishkin, 8.T. 
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“TITLE: Surface and bulk diffusion of tungsten in molybdenum 


“+ SOURCE: Frotsessy* diffuzii, struktura i svoystva metallov (Diffusion processes, structure © — 
' ‘and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeniye, 1964, 25-35 . 


‘TOPIC TAGS: tungsten, molybdenum, surface diffusion analysis, bulk diffusion analysis, 
autoradiographic analysis method, activity curve analysis method, diffusion coefficient, 
diffusion equation, diffusion activation entropy, vacancy formation energy ’ 


ABSTRACT: The radioactive isotope w 85 was electroplated on fine-grained flat plates of 

Mo for autoradiographic analyses of bulk diffusion and surface diffusion, as well as on coarse~ 

‘grained cylindrical samples for bulk diffusion analyses based on displacements of activity 

curves. Diffusion coefficients were determined for all samples (see Table 1 in the Enclosure) 
’ ‘and further processing yielded the equations ; 


ae, eee ein Ni eer eens ee 


Le 


: ! : : i 
: } D = 3.18 exp [-(112900 + 1000)/RTJ om”/sec — 
{ = . ¥ yee Big y 
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j 

’ for bulk diffusion and 

oe Deurf 21-1 exp(-77000/RT}om2/sec 
} : 


for surface diffusion. It is concluded that the entropy of activation of Mo self-diffusion is 

igreater than zero, in agreement with Zener’s theory of D, for atomic diffusion, and approximate | 
' ‘values for the entropy of activation of W diffusion in Mo. Energy of vacancy formation Q, =: 
19g keal/g-atom, ratio Q,/Quite = 0.3 to 0.4 (0.92 for Mo, 0.39 for Cr). Orig. art. has: | 

"18 formulas, 4 figures and 4tables.- ; meee ns er 
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Table 1. "Diffusion coefficient in om?/ sec. for diffusion of W in No. 


annealing in 

Bulk diffusion, ac- 
tivity curve dis- 
placement analysis 


Temp. of diffusion 
°C 
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‘ | AUTHOR: _ Bokshteyn, S. 2.3 Bronfin, M. B.; Kishkin, S, T.; Marichev, V. A, 


| TITLE: Investigation of conditions at the grain boundaries in molybdenum and 
~ its alloys with zirconium and rhenium by the method of internal friction - 
at 
SOURCE: Protsessy* diffuzii, etruktura i svoystva metal lov (Diffusion processes, 


structure and properties of metals); sbornik statey. Moscow, Izd-vo Mashino- 
stroyeniye, 1964, 40-51 . : 


“TOPIC TAGS: molybdenum, molybdenum alloy, molybdenum grain boundary, molybdenum 
: | rhenium alloy, molybdenum zirconium alloy, ‘rhenium, zirconium, internal friction, 
- | stress relaxation, alloy diffusion. et 
; 1 


! 


1 


| ABSTRACT: The mechanism of stress relaxation at the grain boundaries in pure , 


| metals is known to be affected by the presence of alloying elements, but precisely | 
| how is still unclear, The study of internal friction, based on measurement of 2 


i 
| ; the forced oscillation dampening of a polycrystalline Specimen is a sensitive | 


; method for investigation of the structural conditions of a metal generally, and 
particularly at the. gtain boundaries, The present authors experimented with 

: spectnene of 99.98% pure sintered molybdenum; a Mo --Zr alloy containing 0.13% zr, 

Card’ : . ; : : : oe 


APPROVED FOR RELEASE: 06/09/2000 CIA-RDP86-00513R000206110006-5 


ACCESSION HR: AT6040407 . 
_ | 0.008% ¢,: 0.006% 0), and 0.00072 Hy; and Mo+50% Re 
to torsional oscillations (0.3-0.4 cycles/sec.) 
f O£ about 20 - 1000C, after annealing at tempera fo: 
installation was originally developed by V. B. nd is shown schematically — 


in modified fora, in Fig. 1 of the Enclosure. The activation energy HE of internal | + 
friction was. deterained from the expression - . oe 


H 
log Qu! = lon SY - 0.4346 oF 


: e ; 
-| under the assumption that log Size cout. ‘Pig. 2 of the Enclosure shows the 
°4 for 


temperature dependence of Q e 3 materials compared. The results showed ok 
that the boundary relaxation begins to Brow at different temperatures in different; ~ 
Thus, this temperature is 700C for the Mo-Re alloy and about 600C for pure 
molybdenum or Mo+0.13% Zr, Beginning at 700C, the highest level of i{aternal 
friction is shown by unalloyed molybdenum; the lowest - by ite alloy with 50% 
’ | theniua, friction along the grain boundaries depended only 
ae it should be maximal in the Mo-zr alloy, and not in 


. er 


rm 
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pure molybdenum. A mechanism of boundary relaxation Is therefore suggested which 
is connected with a migration of Interstitial solutes such as oxygen, carbon and 
_ 4: attrogen. This migration requires less energy than the displacement of the dif- 
F fustonally more-inert atoms normally occupying the nodal points in the lattice. 
i This could explain the relatively low activation energy of internal friction found ; 
F at the grain boundaries. Qualitatively, the Influence of diffusional replacement 
| components can be explained by the mutual Interaction between these components and | 
: the migrating atoms of penetrating components, as well as the ability of the re- 
i placement components to alter the structural Imperfections In Intergranular zones. 
‘"'The authors express thanks to Ye. M. Savitskly and M. A. Ty*Ikina for supplying 
the Mo-Re alloy." Orig. art. has: 5 figures and 4 formulas. 
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AUTHOR: Bokshteyn, S, 2. ; Kishkin, S, T.; Moroz, L. M. 


TITLE: Investigation of the conditions of the grain boundaries during recrystallization of 
ivon and its alloys . 


SOURCE: Protsessy* diffuzii, struktura i svoystva mettallov (Diffusion processes, 
structure and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeniye, 
1964, 74-94 


TOPIC TAGS: iron, iron alloy, steel, tungsten steel, carbon steel, steel structure, 
_ grain boundary, recrystallization, iron microstructure, carbon diffusion, tungsten 
_ diffusion, tin diffusion, nickel diffusion 


'. ABSTRACT: ‘There are still unclear aspects of the mechanism of recrystallization, 

‘ such as the nature of the reconstruction of grain boundaries, the formation of new grains 

' and their subsequent growth, the influence of impurities, and the role of diffusion. The , 
present authors investigated recrystallization of iron in specimens previoisly subjected to 
a plastic deformation of 10-16 and 45-7 0%, involving a variety of heat treatments (anneal- . 

: ing at 720-800C, recrystallization at 700-1370C, additional heating at 700-950C). Data 

{ on microhardness before and after these processes are tabulated, Furthermore, recry~ 
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stallization was investigated on specimens of iron in which impurities were located at the - 
iron grain boundaries, formed a part of the solid solution by replacement or formed a 
part of the solid solution by penetration; here again, various degrees of plastic deforma- 
tion and various heat treatments were applied, The impurities tested were carbon, tin, 
tungsten and nickel, Finally, radioactive isotopes were used as tracers to observe local 
displacements of atoms by radio autographs, as well as by photomicrographs and X-ray 
radiographs. In order to study the behavior of base-metal atoms, the isotope Fe®9 was 
used; for the behavior of atoms of an alloying elements, a corresponding isotope of the 
alloying element was employed. Test specimens 10 x 10 x 20 mm were cut from iron bars 
previously annealed (1250 C for 9 hrs.) in order to obtain a homogeneous structure and a 


coarser grain for the convenience of radiographic investigation. After cutting, the work- 


hardened surface layer (70-80 microns) was removed by electrolytic polishing. The radio- ' 
active tracer was deposited on the polished surface electrolytically. Diffusion annealing 
was carried out in a vacuum furnace at residual pressures of 10-3 - 10-4 mm Hg, The 

. temperature of diffusion annealing was 720C, at which the influence of grain boundaries on 

: the diffusional flux has been found to be particularly pronoumed. Deformation of speci- 
mens was carried out in a 200-ton Amsler press. An analysis of the experimental results 


showed that atoms of soluble impurities (nickel, tungsten, tin), like the atoms of the base- 


‘ 
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showed that atoms of soluble impurities (nickel, tungsten, tin), like the atoms of the base- 
metal, practically remain at their initial locations despite significant changes in the micro- 
Structure of the metal. Prolonged annealing at recrystallization temperature (78 hrs, at 
700C for iron with nickel; 30 hrs. for iron with tin; 28 hrs. at 750 C for iron with tungsten), 
heating at temperatures above the Ag-point, or high-temperature annealing (30 min. at 


. 1200 C for iron with tungsten) did not cause.atomic migration of impurities from the initial 


locations toward the boundaries of the recrystallized grains, regardless of the degree of 
Prior deformation, During recrystallization, atoms of impurities which were located at the 
grain boundaries and formed part of the solid solution by penetration showed a substantially 
different behavior than atoms of base-metal at the boundaries or atoms of impurities form- 
ing part of the solid solution by replacement, Carbon atoms, unlike atoms of iron, tungsten, 
nickel, and tin, follow behind the boundaries of newly forming grains, so that at certain 
Stages of the process a lag may occur due to a difference between the diffusion velocity of 
carbon and the recrystallization velocity. It is characteristic that carbon atoms always 
migrate toward the grain boundaries, and not in the direction of the maximum concentration 
gradient of the impurity. The authors Suggest, in conclusion, that the activation energy of 
the migration process be determined and compared with the activation energy of the dif- 
fusion process of carbon in iron, Orig, art, has; 25 photomicrographs and 3 tables.. 
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« a rer rr 
| ; TITLE: Structure imperfections of metal following recrystallization 


i. SOURCE; Protsessy* diffuzii, struktura i svoystva metalloy (Diffusion | processes, boa 
' | structure and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeriye,'. .° 
» | 1964, 99-109 . oe 
i TOPIC TAGS: metal structure, metal diffusion, diffusion: permeability, metal re- . 

-| crystallization, iron, tin, tungsten, carbon diffusion 


i ABSTRACT: Many of the properties and processes occurring in metals depend upon the Bale 
| degree of structural perfection. However, it is not clear how and under what circum- 
i stances structural defects arise or disappear. In some cases, it has been possible to ; 
. | achieve a displacement of interstitial impurities into the inner. regions of grains by re- , ‘. |" 
| crystallization, thus increasing the plasticity of the alloys. However, such a beneficial 
; ; influence of recrystallization has been observed only in individual cases. Therefore, the 
; | assumption can be made that in regions where grain boundaries have been located before 
| ecrystallization, preservation of the specific state is possible, i.e., there is a possibility < 
¥ (RL en, soe . 
{ ‘ woh ae 
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| “4 -of "heredity". In the present!paper, the authors investigated the heredity of metal struc- ; 

; : | ture during recrystallization and grain growth, using autoradiographic and microscopic 

‘ | techniques. The degree of structural perfection was evaluated by diffusion permeability 

¥. »{ of C14, a higher permeability corresponding to a more defective structure. Using, 

_ specimens of pure iron and of iron containing diffusionally introduced interstitial additions, 

"| Such as tin and tungsten, the authors studied the stability and degree of defectivencss of 

‘| the original grain boundaries during recrystallization in relation to the degree of metal - 
purity and the recrystallization conditions. Iron was annealed at 1250C for 9 hrs., 
electropolished and etched with 4% picric acid in ethanol to reveal the structure. Tin i 
and tungsten were added in a microfurnace at 700C. Recrystallization was then carried _. 
out either at 650C for 45 min., at 700C for 30 min. or at 750C for 1 hr., followed by 
heating at 609C for 1 hr, in the presence of radioactive carbon. Measurements of hardness 
and C14 distribution demonstrated that diffusion is affected by recrystallization temperature 
and that the residual effects of previous cold working can remain after application of the at. 
common types of recrystallization. The diffusional mobility of atoms was found to in-_ 1 
crease during the process of recrystallization, Failure of alloys at high temperatures © '~ 
generally proceeds along the grain boundaries, but sometimes it occurs transgranularly, : | 


|. I¢ is possible that, in the latter case, the alloy fails along the boundaries of original 
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a possibility of displacing the impurities from the bo 
:.4 Crystallization. 


_}! Conditions. Orig, art, has; 7 figures and 1 table. 
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“TITLE: Effect of hereditary structure in molybdenum and its alloys 


SOURCE; Protsessy* diffuzii, Struktura i sSvoystva metallov (Diffusion 
: Processes, structure and Properties of metals); sbornik statey, 
‘Moscow, Izd-vo Mashinostroyeniye, 1964, 110-112 . 


:TOPIC TAGs; molybdenum, molybdenum zirconium alloy, alloy Structure, - 
thereditary Structure, structure effect 


‘ABSTRACT; The effect of hereditary 

‘fects in regions corresponding to th 

-molybdenun and molybdenum-zirconium allo 

method of tagged atoms, A layer of wi8s y deposited on 
‘the surface of Specimens mm Hg) at 1700C 
‘for 14 hr, 1 108 hr. 
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t TITLE: Behavior of the grain boundaries tn fron during ultrasonic high-temperature 
: heating ; . : of ns 


| SOURCE: Protsessy* diffuzil, struktura | svoystva metallov (Diffusion processes, 

‘i structure and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyent= 

tye, 1964, 113=116 . ‘ a 
TOPIC TAGS: iron, tron grain boundary, fron microstructure, grain boundary, ultras : 
sonic heating ‘ \ : ’ 


of. austenitic steel, the authors Investigated the behavior of the grain boundaries 
during ultrasonic recrystallization of tron containing 0.04% C, 0.07% Mn, 0.03% 
* | Si, 0.035% S, and 0.015% P. In order to obtaln a homogeneous fine-grained struc- |-~ 
| ture, the specimens were annealed at 950C for | hour, and were then subjected to 
ultrasonic vibrations at 19.5 kilocylces/sec., resulting in a temperature of more ; 
i than 1000C at the node. ‘Cuts for micrographic investigation were mad axially |-- 
i through the specimens, and the cold worked surface layers were removed dy electro- 


Gaul Fhing, followed, by etching to reveal the microstructure. The microstructure 
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| ABSTRACT: in view of the wide use of hot recrystal lization during the production 
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